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Memaging is crucial in performing electrophysi-
logical procedures, such as catheter ablation
rocedures and pacemaker implantations. Var-
ous imaging modalities are available to assist in
he pre-procedural selection of patients, to
epict the anatomic substrate of the arrhythmia
uring the procedure, or to assess the effects of
he electrophysiological procedure. In the past
ear, important clinical and pre-clinical studies
ave been published that have expanded the
ole of various imaging modalities in electro-
hysiological procedures. This article reviews
he most important studies related to imaging
nd the invasive treatment of atrial fibrillation
AF) and ventricular tachycardia (VT), and to
ardiac resynchronization therapy (CRT).
F
t present, catheter ablation for AF is consid-
red a reasonable option when antiarrhythmic
rugs have failed. The cornerstone for most AF
blation procedures is the electrical isolation of
he pulmonary veins. The role of imaging in
atheter ablation for AF is mainly related to the
ntraprocedural visualization of the pulmonary
eins, guidance of the ablation catheter, and
ollow-up of patients after catheter ablation.
magingDuringCatheterAblation
large number of imaging modalities are
vailable for visualization of the left atrium
LA) and pulmonary veins during catheter
blation. Recently, new technologies and image
rom the Department of Cardiology, Leiden University Medical Ce
rom Medtronic, Boston Scientific, BMS Medical Imaging, St. Judeanuscript received November 5, 2008; revised manuscript received Dntegration strategies have been introduced.
hese techniques are reviewed in the following
aragraphs.
obotic navigation. A prospective multicenter
tudy was conducted to evaluate the safety and
fficacy of a new robotic navigation system
SenseiRobotic Catheter System, Hansen
edical, Mountain View, California) (1). This
ystem consists of a physician workstation and
remote catheter manipulator that directly
ontrols a robotic catheter. This hollow cathe-
er consists of a guide sheath system and
ontains the mapping/ablation catheter. In this
tudy, a 3.5-mm Thermocool catheter (Na-
istar, Biosense Webster, Diamond Bar, Cali-
ornia) was used to perform ablation along the
ulmonary vein antrum and superior vena cava.
total of 40 patients from 3 different centers
n Europe were studied. In all patients, the
ulmonary veins and the superior vena cava
ere successfully isolated. Complications in-
luded pericardial tamponade requiring peri-
ardiocentesis in 2 patients (1 related to a
onrobotic transseptal procedure, 1 caused by
blation using the robotic system). After 12
onths of follow-up, 34 of the 40 patients
85%) were free from atrial arrhythmias with-
ut any antiarrhythmic drug. This first multi-
enter study shows that robotic navigation is a
romising technique for AF ablation. Potential
dvantages of this system include easier navi-
ation, more precise and stable catheter posi-
ioning, and a reduction in radiation exposure
o the physician. However, more studies are
eeded to investigate whether this new tech-
, Leiden, the Netherlands. Dr. Bax receives grants
dical, GE Healthcare, and Edwards Lifesciences.ecember 4, 2008, accepted December 19, 2008.
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499ology results in an improved outcome of the
blation procedure.
mage integration: ﬂuoroscopy and multislice com-
uted tomography (MSCT). Real-time integration of
4-slice MSCT and biplane fluoroscopy was used
n 60 patients referred for AF ablation (2). Image
ntegration was performed with custom made soft-
are, using the 3-dimensional (3D) MSCT surface
odel and the angiographic reconstruction of the
A and pulmonary veins on fluoroscopy. Two
ntegration strategies (visual matching of the 2
tructures and landmark-based registration) were
ested (Fig. 1). With the use of 11  2 landmark
airs, landmark registration yielded the best inte-
ration accuracy: the mean alignment error was 2.0
m on the right anterior oblique view (range 0.5 to
.0 mm) and 2.0 mm on the left anterior oblique
iew (range 0 to 4.0 mm). Clinically relevant
hanges in alignment error were not observed for
arious MSCT scanning protocols (with vs. without
lectrocardiographic gating, inspiratory vs. expira-
ory breath hold). The integration of MSCT and
iplane fluoroscopy has great potential because it
nables real-time visualization of the ablation cath-
ter in relation to pulmonary vein anatomy derived
rom high-resolution images.
mage integration: mapping and MSCT. A new image
ntegration system that allows the integration of
SCT and nonfluoroscopic electroanatomic map-
ing (NavX Fusion, St. Jude Medical, St. Paul,
innesota) has recently been introduced (3).
rooks et al. (3) used this novel technology in 55
atients referred for AF ablation. After field scaling
f the reconstructed geometry, landmark pairs were
sed to fuse the MSCT image and the recon-
tructed map. Secondary markers were used to mold
he reconstructed map into the MSCT image. After
he complete registration process, the mean dis-
ance between the MSCT and the reconstructed
eometry was 1.9  0.4 mm. Although this study
hows the feasibility of this new image integration
ystem, the time interval between MSCT scanning
nd the actual ablation procedure, resulting in
ifferences in LA geometry caused by changes in
eart rhythm, fluid status, and respiration, remains
limitation.
mage integration: mapping and intracardiac echocar-
iography (ICE). The feasibility of the integration of
eal-time ICE and electroanatomic mapping was
ecently shown (4,5). The new CartoSound system
Biosense Webster) contains an ICE catheter
Soundstar, Biosense Webster) that is equipped
ith an electroanatomic location sensor. By tracing tndocardial surface contours on the imported ultra-
ound images, 3D reconstructions of the LA and
ulmonary veins can be created (Fig. 2). To test the
easibility and accuracy of this new technique,
kumura et al. (4) implanted marker clips percu-
aneously on distinct anatomical locations, such as
he pulmonary vein orifice and LA appendage in 12
ongrel dogs. Subsequently, the 3D ultrasound
eometry of the LA and pulmonary veins was
reated with the use of 22  5 contours. Mean
egistration error between this ultrasound recon-
truction and the imported MSCT surface image
as 1.7  0.4 mm. Finally, ablation lesions were
argeted at the implanted clips, guided by the 3D
ltrasound geometry. At autopsy, the mean distance
etween the radiofrequency lesions and the target
lips was 1.1  1.1 mm (range 0 to 4.3 mm).
den Uijl et al. (5) used the same technology in 17
atients undergoing catheter ablation. A mean of
1  9 ICE contours (range 18 to 43) were used to
econstruct the LA and pulmonary veins. Mean
istance between the reconstructed ICE image and
Figure 1. Image Integration: Fluoroscopy and MSCT
Different registration approaches are used for three-dimensional (3D
mented ﬂuoroscopy. The upper panel is an illustration of the visual
ing registration approach. After calibration of the ﬂuoroscopic imag
marking 7 electrodes on the coronary sinus catheter, a rigid registra
performed by manually translating and rotating the integrated 3D m
with a 3D spacemouse to align it with the angiographic reference i
The lower panel is an illustration of the landmark-based registration
approach. A number of correspondences are marked at clearly iden
landmarks on the angiographic image (left) and on the 3D model (
shown from a corresponding view angle. A 3D–2-dimensional regis
function is then automatically computed to register the 3D model w
angiographic reference image. The accuracy of the integration proc
represented by the alignment error that was deﬁned as the distanc
between the pulmonary vein ostium on the angiographic image an
position on the 3D multislice computed tomography (MSCT) surface
Reprinted with permission from Ector et al. (2).)-aug-
match-
es by
tion is
odel
mage.
tiﬁable
right)
tration
ith the
ess is
e
d its
model.he MSCT was 2.2  0.3 mm (range 1.7 to 2.8
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500m). The ability to integrate electroanatomic data
ith ultrasound images is a promising concept.
reating a 3D reconstruction of the LA and pul-
onary veins using ICE without entering the LA
ay reduce procedure time and enhance the safety
f catheter ablation procedures. More studies in
arger populations are needed to confirm the results
f these first feasibility studies.
mpact of image integration on ablation out-
ome. Although the use of image integration
reatly facilitates the intraprocedural visualization
f the LA and pulmonary veins, the exact effects of
mage integration on the procedure/fluoroscopy
ime and the outcome of the ablation procedure
emain controversial. Unfortunately, there is a clear
ack of prospective, randomized studies that address
Figure 2. Image Integration: Mapping and ICE
The new CartoSound system (Biosense Webster) enables the recons
the top panel, the map viewer (top left) and the ultrasound viewe
the pulmonary veins (white arrows) are drawn. With the use of mu
pleted electroanatomic map is subsequently merged with a 3D MSC
LA  left atrial; other abbreviations as in Figure 1.his issue. A recent study showed that the integra- bion of MSCT and electroanatomic mapping using
artoMerge may improve the outcome of the
blation procedure. In a series of 100 patients, the
verall success after 6 months of follow-up was
ignificantly improved in the image integration
roup, as compared with the group in which con-
entional electroanatomic mapping was used
85.1% vs. 67.9%, p 0.018) (6). In addition, it has
een suggested that the integration of MSCT and
uoroscopy is associated with a reduced fluoroscopy
nd procedure time (2). However, more prospec-
ive, randomized studies are warranted to further
onfirm these findings.
otational angiography. This new C-arm flat-panel
uoroscopy system may overcome the need for
mage integration because real-time 3D images can
tion of the LA and pulmonary veins from real-time ICE images. In
p right) are shown. Endocardial contours of the LA border and
e contours (bottom left panel), a 3D map is created. The com-
age (bottom right panel). ICE  intracardiac echocardiography;truc
r (to
ltipl
T ime obtained during the ablation procedure. The first
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501linical experience with this technique has been
eported in 42 patients undergoing AF ablation (7).
otational angiography was performed in the elec-
rophysiology laboratory using an X-ray FD10 flat-
etector system (Allura XPer, Philips Medical Sys-
ems Inc., Best, the Netherlands). The volume-
endered reconstruction of the LA and pulmonary
eins was compared with pre-procedural acquired
SCT and cardiac magnetic resonance (CMR)
mages. The investigators classified 12 of the 42
mages (29%) as nondiagnostic, whereas 23 (55%)
ere useful and 7 (17%) were optimal. Quantitative
nalyses showed a mean difference in pulmonary
ein diameter of 0.2  3.3 mm between rotational
ngiography and MSCT and 0.2  3.1 mm be-
ween rotational angiography and CMR. Refine-
ent of the imaging protocol and technical adjust-
ents may further enhance the image quality and
sefulness of this novel technique.
magingAfterCatheterAblation
atheter ablation procedures offer a good therapeu-
ic option in patients with drug-refractory, symp-
omatic AF. However, the exact effect of catheter
blation on LA function is not yet fully understood.
n the past year, a number of studies have used new
echniques that may provide more insight into the
ffects of catheter ablation procedures, by more
ccurately assessing LA volumes, LA deformation
roperties, and the extent of LA scar.
eft atrial volumes and function. Although LA vol-
mes and function are typically assessed with con-
entional 2-dimensional echocardiography, this
echnique is limited by the significant geometric
ssumptions and relatively low reproducibility for
A volume assessment. New real-time 3D echo-
ardiography offers more accurate and reproducible
uantification of LA volumes and function. In 57
atients undergoing catheter ablation for AF, real-
ime 3D echocardiography was used to assess LA
olumes and function at baseline and after 3 months
f follow-up (8). Left atrial active contraction and
A reservoir function were derived from the max-
mum and minimum LA volumes and the LA
olume just before the P-wave. In patients who
aintained sinus rhythm during follow-up (n 38,
7%), a significant decrease in LA volumes was
oted, whereas in patients who had recurrence of
F (n  19, 33%), a trend toward an increase in
A volumes was noted. In addition, LA active
ontraction and LA reservoir function significantly
mproved in patients who maintained sinus rhythm, qs compared with patients who had a recurrence of
F (LA active 33  9% vs. 15  9%, p  0.001;
A reservoir 152 54% vs. 78 35%, p 0.001).
he investigators suggested that because no
hanges in left ventricular (LV) systolic and dia-
tolic function were observed, these changes in LA
ctive and reservoir function are probably related to
he favorable effect of long-term maintenance of
inus rhythm after catheter ablation (8).
Schneider et al. (9) used tissue Doppler imaging
o assess LA function after catheter ablation in 118
F patients. This technique enables quantification
f intrinsic LA function by evaluation of myocardial
eformation properties. In various LA segments,
train and strain rate values were acquired to assess
A reservoir function (at midsystole) and LA active
ontraction (at end-diastole). After 3 months of
ollow-up, patients who maintained sinus rhythm
howed significant higher peak systolic atrial strain
nd end-diastolic atrial strain rate values as com-
ared with patients who had recurrence of AF.
nterestingly, atrial septal systolic strain (reflecting
A reservoir function) best predicted maintenance
f sinus rhythm during follow-up (cutoff value
0.5%; sensitivity 99%, specificity 78%; area under
he receiver-operator characteristic curve 0.998).
hese studies suggest that successful catheter abla-
ion improves both LA reservoir function and LA
ctive contraction. More studies are needed to fully
nderstand the exact mechanism of this LA reverse
emodeling and functional improvement after cath-
ter ablation.
etection of LA scar. The relationship between elec-
rical isolation of the pulmonary veins and anatom-
cal findings, such as scar formation, remains un-
ertain. In addition, it would be of interest to
orrelate the extent of scarring with the clinical
utcome of the procedure. For in vivo imaging of
V scar, delayed-enhancement CMR is considered
he gold standard. Peters et al. (10) used high-
esolution 3D navigator-gated contrast-enhanced
MR to detect LA scar, both before and after
atheter ablation. After ablation, all patients showed
elayed enhancement (i.e., scarring) at the ostia of the
ulmonary veins. Semiquantitative analysis of ob-
iquely reformatted images of the left inferior pulmo-
ary veins showed an average circumferential extent of
elayed enhancement of 88  11%.
Similarly, McGann et al. (11) studied 53 pa-
ients at baseline and 3 months after ablation
ith contrast-enhanced CMR (3D inversion
espiration-navigated gradient echo pulse se-
uence). Using a threshold-based lesion detec-
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502ion algorithm, the extent of LA scar relative to
he total LA area was assessed. Contrast en-
ancement was present on the post-ablation im-
ges in all patients, and was mainly located on the
A posterior wall, around the pulmonary vein
stia and on the interatrial septum (Fig. 3).
nterestingly, in patients with recurrence of AF at
-month follow-up, a smaller scar area was noted
s compared with patients who maintained sinus
hythm (12.4  5.7% vs. 19.3  6.7%, p 
.004). Large scar areas (13% of total LA area)
ere highly predictive for maintenance of sinus
hythm at follow-up (odds ratio: 18.5; 95% con-
dence interval: 1.27 to 268, p  0.032). These
tudies show that contrast-enhanced CMR may
rovide more insight in the extent of (transmural)
carring of the LA wall after catheter ablation.
hereby, it may help in optimizing ablation
trategies and the approach to patients who have
Figure 3. LA Injury Before and After Catheter Ablation for AF
This ﬁgure shows 3D DE-CMR images of the LA before PVAI and 3
3 months after PVAI (B) on 3D navigated DE-CMR in 4 different pat
after PVAI in multiple views (posterior, right, left, and superior) reco
LA wall is clearly seen (yellow arrows) in regions subjected to radio
from McGann et al. (11). CMR  cardiac magnetic resonance; DE 
other abbreviations as in Figures 1 and 2.ecurrence of AF after ablation. eT
n the past year, a number of interesting studies
ave been published that have expanded the role of
arious imaging modalities in the diagnosis and
reatment of VT. In particular, imaging may play an
mportant role in the prediction of the occurrence/
nducibility of VT and the invasive treatment with
atheter ablation.
ccurrenceand Inducibility ofVT
n 3 studies, different imaging techniques were used
o correlate anatomical findings with the occurrence
nd inducibility of VT to better identify patients
ho are at risk for VT. The interface between
yocardial scar tissue and normal myocardium may
lay an important role in the pathogenesis of
e-entrant VT. Fernandes et al. (12) used contrast-
ths after PVAI. Left panels show LA wall slices at baseline (A) and
s. Right panels show 3D rendering of LA in patient #1 before and
ucted from CMR slice data. Post-PVAI hyperenhancement of the
uency ablation and suggests scarring. Reprinted with permission
ayed-enhancement; PVAI  pulmonary vein antrum isolation;mon
ient
nstr
freq
delnhanced and tagged CMR to study the possible
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503orrelation between the inducibility of VT and: 1)
he extent of scar; and 2) the mechanical properties
f myocardial regions at various distance from the
nfarcted tissue. These regions were defined as
nfarct, border zone, adjacent, or remote, based on
he amount of scar tissue assessed with contrast-
nhanced CMR. The mechanical properties of the
ifferent regions were assessed with the use of
ircumferential strain and time-to-peak circumfer-
ntial strain. Forty-six patients, referred for im-
lantable cardioverter-defibrillator (ICD) implan-
ation for primary prevention of sudden cardiac
eath after myocardial infarction, were studied. In
9 patients, a monomorphic VT was inducible
uring programmed ventricular stimulation. In the
nducible patients, a greater percentage of infarcted
nd border zone segments were present, as com-
ared with noninducible patients (infarcted 47.0%
s. 38.2%, p 0.001; border zone 23.1% vs. 21.5%,
 0.001). Interestingly, the border zone segments
howed significant higher strain values in the in-
ucible patients compared with the noninducible
atients (11.42  0.46 vs. 10.18  0.38, p 
.05). In addition, time-to-peak strain was signifi-
antly shorter in the infarcted and border zone
egions of inducible patients, as compared with
oninducible patients. The investigators concluded
hat an enhanced border zone function (represented
y a greater myocardial shortening and a shorter
ime-to-peak strain) is associated with inducibility
f VT in ischemic cardiomyopathy. Although the
xact mechanism needs to be elucidated, this study
ay add to a better understanding of the underlying
athophysiology of re-entrant VT and may
trengthen the role of noninvasive imaging in the
dentification of patients who are at risk for VT.
In another study, the relationship between
hanges in cardiac sympathetic innervation/
enervation and the inducibility of VT was explored
n 50 patients referred for electrophysiological
tudy, with a history of myocardial infarction and
V ejection fraction 40% (13). Because viable but
enervated myocardium is very sensitive to sympa-
hetic stimulation, it may play a role in the arrhyth-
ogenesis in patients with ischemic cardiomyopa-
hy. In this prospective multicenter trial, early and
ate planar and single-photon emission computed
omography (SPECT) 123I-mIBG scintigraphy and
PECT imaging with 99mTc-tetrofosmin was per-
ormed to assess the sympathetic innervation/
enervation and infarct size. In 30 patients (60%), a
ustained VT was induced. Standard 123I-mIBG
easures, such as the early and late heart/ tediastinum ratio, and 123I-mIBG-perfusion mis-
atch were not significantly different between the
nducible and noninducible patients. However, the
ate SPECT 123I-mIBG summed score or defect
ize, representing global denervation, was signifi-
antly higher in the inducible patients as compared
ith the noninducible patients (42.7  8.8 vs. 34.9
9.8, p  0.01). At multivariable analysis, this
arameter was the only predictor for the induc-
bility of VT. Although the results are promising,
ore studies are needed to confirm the possible
ssociation between the extent of denervation on
23I-mIBG SPECT and VT inducibility.
Finally, in a cohort of 177 patients with hyper-
rophic cardiomyopathy, contrast-enhanced CMR
as used to study the correlation between the extent
f LV scar and the occurrence of VT (14). The
arge majority of patients (95%) was asymptomatic;
ean LV wall thickness was 21  5 mm (range 10
o 36 mm). In 72 patients (41%), scar tissue on
MR was present, occupying 9  8% (range 0.6%
o 37.6%) of the LV myocardium. Premature ven-
ricular contractions, couplets, and nonsustained
T were more common in patients with versus
ithout scar on CMR. Interestingly, scar tissue on
MR was an independent predictor of nonsus-
ained VT (relative risk: 7.3, 95% confidence inter-
al: 2.6 to 20.4, p  0.001). The investigators
oncluded that contrast-enhanced CMR may help
n the identification of hypertrophic cardiomyopa-
Figure 4. Kaplan-Meier Estimate of the Primary End Point of Su
Therapy in the SMASH-VT Study
Twenty-one patients assigned to deﬁbrillator implantation alone (33
assigned to deﬁbrillator implantation plus ablation (12%) received a
able cardioverter deﬁbrillator (ICD) therapy (antitachycardia pacing
ratio in the ablation group: 0.35; 95% conﬁdence interval: 0.15 to 0
SMASH-VT (Substrate Mapping and Ablation in Sinus Rhythm to Ha
cardia) trial shows that substrate-based catheter ablation can reduc
ICD therapy in patients with a history of myocardial infarction and
prevention. Reprinted with permission from Reddy et al. (15).rvival Free From ICD
%) and 8 patients
ppropriate implant-
or shocks) (hazard
.78, p  0.007). The
lt Ventricular Tachy-
e the incidence of
an ICD for secondaryhy patients who are at risk for VT (14).
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504appingandAblationofVT
n the past year, the SMASH-VT (Substrate Map-
ing andAblation in Sinus Rhythm toHalt Ventric-
lar Tachycardia) study showed that prophylactic
ubstrate-based catheter ablation may significantly
educe the incidence of VT in patients with isch-
mic cardiomyopathy and an ICD for secondary
revention (15) (Fig. 4). This study further expands
he role of substrate-based VT ablation in patients
ith ischemic cardiomyopathy. For catheter abla-
ion of ischemic VT, delineation of the anatomical
ubstrate of the VT is of critical importance. Typ-
cally, voltage mapping with the use of an electro-
natomic mapping system is performed to locate
reas of scar tissue. In the past year, a number of
tudies have been published that use an integrated
maging approach for the depiction of the anatom-
cal substrate, or use novel imaging techniques to
uide VT ablation.
car imaging. In 10 patients with a history of
yocardial infarction who were referred for VT
blation, contrast-enhanced CMR was performed
n addition to electroanatomic mapping (16). The
xact location and transmural extent of scar on
MR were plotted on a color-coded 3D recon-
truction of the LV. During the ablation, voltage
Figure 5. Mismatch in Scar Delineation Between Bipolar Electro
(Left) CARTO bipolar electroanatomic maps. (Middle) CMR shells. (R
wall scar on the CARTO map. The bottom row shows left ventricle
panel, the arrows show the mismatch zone. The dotted lines repre
Codreanu et al. (16). Abbreviations as in Figure 3.aps of the LV were created during sinus rhythm so assess unipolar and bipolar voltage amplitude and
orphology of all electrograms. A threshold of 1.54
V for bipolar electrogram voltage yielded the best
rediction of the presence of scar (receiver-operator
haracteristic area 0.85). Although a cutoff value of
1.5 mV for bipolar voltage resulted in a good
orrelation between CMR-based infarct area and
apping-based infarct area (r2  0.82, p 
.0001), a mismatch of 20% in infarct area was
oted in 4 of the 12 scar areas (Fig. 5). The
nvestigators concluded that electroanatomic map-
ing alone may not be sufficient to exactly delineate
ost-infarct scar.
Similar to the previous study, positron emis-
ion tomography (PET)/computed tomography
CT) image integration has been used to com-
are voltage-mapping-defined scar areas with
natomical- and metabolic-defined scar areas (17).
n 14 patients undergoing VT ablation, PET/CT
maging and voltage mapping was performed. A
ood correlation between voltage mapping and
ET imaging was found for mean LV scar area
32.6  22.1 cm2 vs. 29.1  24.0 cm2) and scar
urden (11.7  23.4% vs. 10.0  21.4%). In 10
atients, the PET/CT image was integrated with
he electroanatomic map. Voltage measurements
tomic Maps and CMR Shells
) Native CMR images. The top row shows underestimated inferior
septal scar on the CARTO map not conﬁrmed by CMR. On each
t the mitral annulus plane. Reprinted with permission fromana
ight
(LV)
senhowed low voltages in PET-defined scar areas
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505mean 0.3 0.12 mV) and normal voltages in areas
ith normal metabolic activity (mean 7.9  5.4
V). The investigators concluded that the use of
ET/CT image integration in addition to electro-
natomic mapping may allow better scar identifica-
ion during the mapping and ablation procedure
17). These studies suggest that additional imaging
ools may be needed during VT ablation to exactly
elineate the anatomical substrate. An integrated
maging approach may greatly facilitate substrate-
ased VT ablation.
eal-time CMR-based catheter tracking. In addition
o visualization of the substrate, imaging plays an
mportant role in guiding of the ablation catheter
uring the actual VT ablation procedure. In an
nimal (swine) study, Dukkipati et al. (18) tested a
ew CMR-based electrophysiology system. It al-
ows real-time navigation of catheters throughout
he cardiac chambers by using CMR-tracking mi-
rocoils embedded in the shaft of the catheters.
eformatted slice sets and 3D volume-rendered
aps were used to navigate the catheters and create
lectroanatomic maps (Fig. 6). In 2 animals, the
MR-based system clearly provided advantage by
isualizing the catheter in relation to infarcted
issue, not detected by conventional electroana-
omic mapping alone. This first pre-clinical study
hows that it is feasible to perform electroanatomic
Figure 6. Real-Time CMR-Based Catheter Tracking
Screen-capture images of multiple in-room displays. (A) The operat
and tracking coils (colored points) in the heart on multiple CMR pl
allows an understanding of the 3D position and orientation of the
animal with a rendition of the catheter in close proximity to the are
direct visualization of scar during electroanatomic mapping. Reprint
ures 1, 3, and 5.apping with the use of real-time CMR tracking of atheters. Importantly, preliminary results suggest
hat it is also feasible to use real-time CMR
atheter tracking to perform electroanatomic map-
ing in patients (19). Although some important
hallenges (mostly regarding safety, catheters, and
ctual ablation) still need to be overcome, this
echnique has great potential for catheter ablation
f ischemic VT by real-time visualization of cath-
ters in relation to scar tissue.
ntracardiac echocardiography. Khaykin et al. (20)
eported the feasibility of the new CartoSound
ystem (Biosense Webster) to guide VT ablation.
s described earlier, this new technique can provide
etailed on-line information on anatomy and func-
ion. In particular for VT ablation, the real-time
ssessment of LV wall motion abnormalities may be
f great value. In 17 patients referred for VT
blation, a 3D map of the LV was created using a
ean of 23  7 contours. Based on the echocar-
iographic images, scar areas (thinned, akinetic, or
yskinetic areas) were identified and tagged. After-
ard, a conventional point-by-point electroana-
omic map was created; scar was defined as bipolar
oltage 0.5 mV. Dyskinetic areas on the 3D ICE
ap corresponded well with scar areas identified
uring point-by-point mapping (Fig. 7). There was
o difference in mean scar area for the 2 techniques:
D ICE 33 32 cm2 versus point-by-point map 36
multaneously observes a rendition of the catheter (purple line)
displays and on a 3D surface-rendered view (lower left). This
eter in the LV. (B) A 3D myocardial DE slice set of an infarcted
f scar in the anteroapical septum (yellow arrows). This allows
with permission from Dukkipati et al. (18). Abbreviations as in Fig-or si
ane
cath
a o
ed33 cm2 (pNS). Subsequently, VT ablation was
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506uccessfully performed in all patients under ICE
uidance. This new technique may help in
ubstrate-based VT ablation by real-time identifi-
ation of wall motion abnormalities before entering
he LV. However, more studies are needed to fully
ppreciate the role of this new technique in VT
blation.
RT
ccording to the guidelines (21), patients with
rug-refractory heart failure, low LV ejection frac-
ion, and a wide QRS complex are eligible for CRT.
owever, a substantial proportion of patients do
ot show a favorable response to CRT. It has been
uggested that the assessment of LV dyssynchrony,
sing various imaging technologies, may improve
he response rate. In the past year, new studies
ave provided more insight in the exact value of
V dyssynchrony assessment in the selection of
atients for CRT. In addition, new imaging
echniques have become available that may guide
of Septal Scar Identiﬁed With ICE and Point-by-Point Mapping
sound image (left) registered as part of the CARTO shell of the LV (m
asound “fan” through the body of the LV. The red contour on the IC
s the position of the akinetic segment on the mid-septum. The bipo
the CARTO map is placed at the site of a late/fractionated potential
sion from Khaykin et al. (20). Abbreviations as in Figures 1, 2, and 5.V lead positioning. MredictionofResponse toCRT
n the last few years, a large number of observa-
ional, single-center studies have used various echo-
ardiographic criteria to predict a favorable response
o CRT (22). The large majority of these echocar-
iographic parameters were related to the detection
f intraventricular and/or interventricular dyssyn-
hrony. The PROSPECT (Predictors of Response
o CRT) trial is the first prospective, multicenter
rial to evaluate the value of 12 different echocar-
iographic dyssynchrony parameters (23). A total of
26 heart failure patients (mean LV ejection frac-
ion 23.6  7.0%, mean QRS duration 163  22
s) were included. Response to CRT was defined
sing 2 primary outcome measures: a heart failure
linical composite score and the relative change in
V end-systolic volume at 6 months. Overall, 294
69%) patients had a clinical improvement and 161
56%) patients showed echocardiographic improve-
ent after CRT. High intraobserver and interob-
erver variability was noted for some tissue Doppler
maging–derived parameters, and for the M-mode–
erived septal-to-posterior wall motion delay.
le). The tip of the ICE catheter positioned in the right ventricle is
age delineates an akinetic segment. The corresponding anatomi-
voltage substrate correlates well with scar identiﬁed by ICE in this
ite arrow). The local electrogram is seen in the right panel.Figure 7. Correlation
A 2D intracardiac ultra idd
seen projecting an ultr E im
cal map of the LV show lar
patient. The cursor on (whoreover, the predictive value of the echocardio-
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507raphic dyssynchrony parameters for response to
RT was modest. The disappointing results of this
rial are related to various factors, including training
nd education (to reduce intraobserver and interob-
erver variability), technical issues, and pathophys-
ological issues.
From a technical point of view, more accurate
pproaches may be needed for assessment of LV
yssynchrony. It has been suggested that the combi-
ation of longitudinal and radial dyssynchrony may
rovide superior prediction of response to CRT;
Figure 8. 2D Speckle-Tracking Strain Imaging
In the left panels, 2D strain images are shown. The arrows depict t
circumferential shortening (B), and longitudinal shortening (C). The
synchronous (middle panels) and dyssynchronous (right panels) LV
the anteroseptal (AS) and posterior (P) segments in the short-axis v
the 4-chamber view, can be obtained from these curves. Reprinted
1 and 5.ndeed, the combination yielded a sensitivity of 88% tith a specificity of 80% in 190 heart failure patients
ndergoing CRT, which was significantly better than
sing either technique alone (p  0.0001) (24). Also,
ovel speckle tracking strain analysis may contribute
o a better selection of CRT candidates. This tech-
ique enables an easier and more accurate and com-
rehensive assessment of LV dyssynchrony (Fig. 8). In
61 patients, speckle tracking echocardiography was
sed to predict echocardiographic response (decrease
n LV end-systolic volume 15%) to CRT (25). A
utoff value of radial dyssynchrony 130 ms was able
ype of deformation assessed in each view: radial thickening (A),
dle and right panels show the segmental time-strain curves for a
each view. Time differences in peak-systolic strain (t) between
and between basal-septal (BS) and basal-lateral (BL) segments in
permission from Delgado et al. (25). Abbreviations as in Figureshe t
mid
for
iew,
witho predict response to CRT with a sensitivity of 83%
a
w
s
(
F
p
d
i
b
a
p
s
r
6
r
n
a
o
s
8
p
l
L
R
i
a
C
a
e
v
c
s
n
0
l
w
N
m
t
w
(
I
D
g
t
s
v
v
p
p
cardiac resynchronization therapy; other abbreviation as in Figure 5.
J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 2 , N O . 4 , 2 0 0 9
A P R I L 2 0 0 9 : 4 9 8 – 5 1 0
Tops and Bax
Year in Imaging: Electrophysiology
508nd a specificity of 80%. Interestingly, only patients
ho showed a favorable response to CRT had a
ignificant reduction in LV dyssynchrony at follow-up
from 251  138 ms to 98  92 ms; p  0.001).
inally, Lim et al. (26) recently proposed a new
arameter for LV dyssynchrony that may better pre-
ict a favorable response to CRT. The strain delay
ndex, which is defined as the sum of the difference
etween longitudinal peak and end-systolic strain
cross 16 segments, was assessed in 100 heart failure
atients using speckle tracking echocardiography. The
train delay index was significantly larger in CRT
esponders than nonresponders (35  7% vs. 19 
%, p  0.001), and was closely correlated with
everse remodeling in patients with both ischemic and
onischemic cardiomyopathy (r0.68, p 0.001,
nd r  0.71, p  0.0001, respectively). The
ptimal cutoff value to predict response to CRT was a
train delay index 25% (sensitivity 95%, specificity
3%) (26).
From a pathophysiology point of view, it was
reviously shown that extensive scar tissue may
imit response to CRT. The precise location of the
V pacing lead, however, may also be important.
ecently, it has been suggested that a concordance
n LV lead position and site of latest mechanical
ctivation is associated with a better outcome after
RT (27). In 244 patients, the site of latest
ctivation was determined using speckle tracking
chocardiography, and LV lead position was re-
iewed from chest radiographs. In patients with a
oncordant LV lead position (n  153, 63%), a
ignificant reduction in LV end-systolic volume was
oted (from 189  83 ml to 134  71 ml, p 
.001), whereas in patients with a discordant LV
ead position no change in LV end-systolic volume
as noted (from 172  61 ml to 162  63 ml, p 
S). Importantly, at long-term follow-up (32  16
onths), patients with a concordant LV lead posi-
ion had a better event-free survival as compared
ith patients with a discordant LV lead position
Fig. 9).
magingDuringCRT Implantation
uring LV lead implantation, the electrophysiolo-
ist can encounter difficulties with positioning of
he lead because of variations in the cardiac venous
ystem. It has been shown that MSCT is of great
alue for pre-procedural evaluation of coronary
enous anatomy. In addition, MSCT can also
rovide important information on the course of theA
Log-rank p-value 0.21
Follow-up (months)
Discordant LV lead position
Concordant LV lead
position
30%
20%
10%
0%
0 12 24 36 48
244Patients at risk 224 156 88 34
Hospitalization for heart failure
B
Log-rank p-value 0.048
Follow-up (months)
Discordant LV lead position
Concordant LV lead
position
30%
40%
50%
20%
10%
0%
0 12 24 36 48
244Patients at risk 224 156 88 34
Death
C
Log-rank p-value 0.022
Follow-up (months)
Discordant LV lead position
Concordant LV lead
position
30%
40%
50%
60%
20%
10%
0%
0 12 24 36 48
244Patients at risk 224 156 88 34
Death, cardiac transplantation or hospitalization 
for heart failure
Figure 9. Survival and Event Curves After CRT According to LV Lead Position
(A) Hospitalizations for heart failure. (B) Survival. (C) Event-free survival including
death, heart transplantation, and hospitalization for heart failure. Patients with an LV
lead positioned at the site of latest activation have a better response to CRT and a
better prognosis at long-term follow-up as compared with patients with a discor-
dant LV lead position. Reprinted with permission from Ypenburg et al. (27). CRT hrenic nerves in relation to the target veins (28).
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509During the implantation procedure, conventional
ngiography is most frequently used. New rota-
ional angiography offers a multiangle, 3D dynamic
iew on the coronary veins, and may provide more
etailed information on diameter, take-off, and
ortuosity of the various branches. Blendea et al.
29) used rotational angiography in 51 patients
eferred for CRT implantation to evaluate cardiac
enous anatomy. In 44 patients (86%), the angio-
rams were of sufficient quality to study the com-
lete venous system. The great cardiac vein, poste-
ior vein, and lateral vein were observed in 100%,
6%, and 91% of the patients, respectively. Of
nterest, lateral veins were less frequently observed
n patients with a history of a lateral infarction as
ompared with patients without myocardial infarc-
ion (33% vs. 96%, p  0.05). Although no head-
o-head comparison with conventional angiography
as performed, this study suggests that rotational
ngiography may be a valuable tool for depicting
oronary venous anatomy during LV lead implan-tomography imaging into three- RS, et al. New monclusions
n the past year, numerous studies have further
trengthened the close relationship between imaging
nd electrophysiology. New imaging techniques and
mage integration strategies have been introduced to
uide AF ablation. Dedicated imaging techniques
ave provided more insight into the effects of catheter
blation on LA function. In addition, studies from the
ast year emphasize the important role of imaging in
rediction of the occurrence and inducibility of VT.
he correlation between anatomical findings and
rrhythmogenic substrate in VT ablation requires
urther elucidation. The response to CRT has been
urther evaluated, and the relative merit of LV dys-
ynchrony in CRT still is not clear.
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